Development of a behaviour change intervention using a theory-based approach, Behaviour Centred Design, to increase nurses' hand hygiene compliance in the US hospitals. by Sands, Madeline & Aunger, Robert
RESEARCH Open Access
Development of a behaviour change
intervention using a theory-based
approach, Behaviour Centred Design, to
increase nurses’ hand hygiene compliance
in the US hospitals
Madeline Sands1,2* and Robert Aunger1
Abstract
Background: A behaviour change campaign is unlikely to be effective if its intervention is not carefully designed.
While numerous frameworks are widely used to develop and evaluate interventions, the steps detailing how to
create an intervention are not as clear because the process of linking behaviour analysis to the intervention design
is seldom discussed. We document the application of the Behaviour Centred Design (BCD) approach to the
development of an intervention to improve hand hygiene (HH) rates among nurses’ hospital units in the USA.
Methods: Intervention development is divided into the first three steps of the BCD approach: Assess, Build, and
Create. The Assess step centres on understanding the target behaviour. The Build step expands the knowledge of
the target behaviour and population through formative research which leads to a creative brief that explains the
focus of the intervention. In the Create step, the creative brief guides the intervention design.
Results: Drawing from the main findings of the Asses and Build steps, a focal insight was developed positing that
nurses can rediscover the meaning and purpose of their role as a nurse and thus as a caregiver by practicing HH; in
the process of cleaning their hands, nurses are living up to their ideal nurse-self. The focal insight was linked
linguistically into a theory and change. The outcome was a simple intervention, called the Mainspring Intervention,
which consisted of three major parts: a self-affirmation exercise to reduce defensiveness, a message that challenged
nurses’ perceptions about their HH practice, and an implementation intention activity to help nurses link HH
behaviour to a cue.
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Conclusions: We detailed the creation of an original HH intervention that used the BCD approach. The intervention
is relatively simple compared to most HH initiatives in the literature, both in terms of having relatively few
components to the intervention and relatively easy field implementation. This intervention will allow us to test how
specific psychological processes contribute to the problem of low HH rates, how our proposed intervention
changes these processes in the hospital setting, and how the expected change in nurses’ cognition transforms over
time because of the intervention.
Keywords: Behaviour change, Intervention design, Intervention development, Hand hygiene, Hand hygiene
compliance, Healthcare workers, Behaviour change techniques, Behaviour Centred Design (BCD)
Contributions to the literature
 We describe and document the BCD approach to
intervention development, and in so doing, set forth
systematic procedures for designing and refining techniques
to be utilized in behaviour change interventions regarding
healthcare workers in hospital settings.
 We detail how to identify and develop creative insights into
actual intervention materials through linking behaviour
analysis to the design of an intervention.
 The final product was the creation of an original HH
behaviour change intervention, called a ‘wise’ intervention,
which has not previously been used—to our
knowledge—to improve healthcare workers’ hand hygiene
behaviour.
Introduction
Healthcare-associated infections (HAIs) are a global pa-
tient safety concern [1, 2]. They are associated with an
increased attributable mortality, length of stay, and
healthcare costs incurred by patients and healthcare fa-
cilities [3]. The causes of HAIs vary, but all can be at-
tributed to health systems and processes of care
provision. Hand hygiene (HH) is recognized as the single
most important measure for preventing the spread of
HAIs [2, 4, 5]. And yet, hand hygiene compliance (HHC)
rates are known to be suboptimal despite the abundance
of evidence that HH prevents HAIs and the increased
pressure from regulatory bodies worldwide to improve
compliance [6, 7]. Over the past several decades, numer-
ous campaigns promoting HH have been launched [8].
Many of the improvement strategies to date take a
multimodal approach to behaviour change including
provision of alcohol-based hand rub (ABHR) and soap at
point of care, training and education, reminders, admin-
istration support, and measurement of compliances rates
[6]. However, improving HHC and sustaining this
behavioural change remains a significant challenge [2,
8–11]. Not only is HH a complex behaviour with
numerous facilitators and barriers, but it is a behaviour
that occurs in a complicated and sometimes unpredict-
able healthcare environment [7]. Thus, a HH behaviour
change campaign is unlikely to be effective if its inter-
vention is not carefully designed.
There are a myriad of approaches to intervention de-
velopment, including but not limited to the MRC
Framework for developing and evaluation complex
interventions, the Behaviour Change Wheel (BCW),
intervention mapping, Matrix Assisting Practioner’s
Intervention Planning Tool (MAP-IT), Theoretical Do-
mains Framework (TDF), and Six Essential Steps for
Quality Intervention Development (6SQUID) [12].
While each approach is grounded in a different theory
or philosophy, there are similarities in how researchers
are guided through the various stages of intervention de-
velopment, such as agreeing on a problem, researching
that problem, implementing a solution, and evaluating
its effectiveness [12]. However, an issue contributing the
shortcomings in intervention design is the lack of agreed
practical ‘how to’ guidance for creating interventions
[13]. In addition, intervention design steps detailing how
to identify and develop creative insights into actual
intervention materials are not as clear because the
process of linking behaviour analysis to the design of an
intervention is seldom discussed.
In this paper, we describe the process of designing an
intervention to improve HHC among nurses in the US
hospitals. We chose to promote HHC among nurses as
they are among the HCWs who spend the majority of
their time in direct patient contact and therefore have a
greater number of opportunities to perform HH [14, 15].
In designing this intervention, we used an approach
called Behaviour Centred Design (BCD), which is a sys-
tematic way to develop a program through five steps
(Fig. 1) [16]. The first step—Assess—is concerned with
setting out the scope of the intervention and identifying
what is known about the target behaviour. This serves as
the basis for the following step—Build—which seeks to
fill knowledge gaps essential in the development of the
theory of change. Determining the Theory of Change al-
lows for the formation of potential intervention themes,
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components, scope, and sequences which are neces-
sary for generating the intervention itself in the
Create step. The intervention is subsequently imple-
mented in the Deliver step and assessed in the Evalu-
ation step. Intervention design occurs throughout the
Assess, Build, and Create steps. The basic premise be-
hind BCD’s design process is that the settings where
the target behaviour occurs must be disrupted to
force revaluation of the desired behavioural option,
which then causes people to perform that behaviour.
Thus, interventions are tasked with creating surprising
new stimuli that run counter to the brain’s predic-
tions about the consequences of performing the target
behaviour. By doing so, the brain is forced to recon-
sider its expectations of the value of performing dif-
ferent options, resulting in a trial of the target
behaviour. While BCD draws from other approaches
and theories, it has the following strengths:
 BCD provides both a theory of change for behaviour
as well as a process for designing and evaluating
interventions.
 Its theory of change is unusual in that it
incorporates reinforcement learning theory, the
evolution of behavioural control, the evolved
structure of human motivation, and a revised
version of behaviour settings theory.
 Its design process highlights the importance of
formative research, which is often overlooked in
intervention design approaches. The process also
integrates creative insight-generation processes from
Design Thinking.
 It focuses on behaviour in its physical, social,
biological and temporal context.
In this paper, we describe, document, and explicate
the applied BCD intervention development framework
using this case study, and in so doing, set forth system-
atic procedures for designing and refining proven tech-
niques to be utilized in behaviour change interventions
for HCWs in hospital settings. In describing our inter-
vention, we use the taxonomy of behaviour change tech-
niques (BCTs) developed by Michie et al. (2013) [17] to
label the active components. A BCT is defined as ‘an ob-
servable, replicable and irreducible component of an
intervention designed to alter or redirect causal pro-
cesses that regulate beahviour’. [17] BCTs thus provide
the necessary linkage between an individual’s exposure
to implemented elements of the intervention and the
psychological consequences of that exposure.
This paper focuses on linking BCD’s Assess and Build
steps with the Create step, thereby illustrating the
process behind the design and development of the inter-
vention that is not as clearly documented with other
approaches.
Methods
The development of the intervention is divided into
three steps: Assess, Build, and Create. Each of these
steps has a unique process and is dependent on pre-
ceding steps. Here, we describe the processes that are
undertaken for each step; the results of each step fol-
low in the subsequent section, with discussion
afterwards.
Fig. 1 Behaviour Centred Design (BCD). Reprinted from Aunger and Curtis, 2016 with permission [16]. BCD presents a systematic way to develop
a program through five steps
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Assess
The Assess step is separated into two phases: back-
ground review and framing. The background review
seeks to understand the target behaviour of HH in its
context. The purpose of the framing process is to define
what is within the scope of the intervention and within
the means of the behaviour change practitioners.
Background review
A systematic review is completed to assemble existing
knowledge on HH interventions targeting nurses in hos-
pitals. The findings should provide insight into the
current state of nursing HH interventions by describing
how interventions have changed, detailing what present-
day interventions look like, and identifying areas for im-
provement in intervention design.
For this study, a systematic review was performed
guided by the PRISMA protocol to evaluate the use of be-
haviour change techniques in interventions aimed at pro-
moting HH practices among nurses in the hospital setting.
Multiple databases and reference lists were searched.
Framing workshop
Here stakeholders and experts participate in the Framing
Workshop to discuss the target behaviour and factors
identified from the general survey of the literature, to
agree on the aim of the intervention, and to outline the
various constraints surrounding the intervention design.
These stakeholders and experts will become the core
group guiding the research project. The workshop ends
with a framing statement that serves as the foundation
on which the rest of the project is built (Fig. 2). By defin-
ing the scope of the project and compiling an extensive
evidence base, the team can pinpoint what still needs to
be learned and tests for potential levers of change in the
Build step.
For this study, a framing workshop was held in
November 2015 in the USA with stakeholders (em-
ployees of the Project Funder) and experts (nurses and
Infectious Disease directors from local hospitals). The
research team—primarily RA and MHS—was present to
lead the workshop. During the framing workshop, the
Project Funder discussed the company and its purpose.
The research team discussed BCD and how it would be
implemented in this project. The experts discussed HH
behaviour with the group focusing on the importance of
HH to control HAIs, HH recommendations, HHC rates
among HCWs, factors affecting HHC rates, and current
HH initiatives. The Project Manager (an employee of the
Project Funder) discussed the purpose and the intended
Fig. 2 Insight and focus from framing workshop. The workshop ends with a framing statement that serves as the foundation on which the rest
of the project is built
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goals of the project as set forth by the Project Funder.
After presentations and discussions, the team engaged in
a brainstorm and affinity diagram exercise to develop
the framing statement. We sought to answer the who,
what, when, why, and how of the intervention. For each
question, individuals wrote their ideas or responses on
sticky notes. The notes were attached to the wall,
grouped together under the question they were trying to
answer. Similar ideas within these groups were clustered
together. The team then discussed each group in length
until a clear answer emerged for each question and con-
sensus was achieved. The result was a framing statement
that would guide the rest of the research project.
Build
This stage expands the knowledge of the target behav-
iour and population. This involves conducting formative
research that seeks to address the questions left un-
answered during the framing process and literature re-
views while also exploring hypotheses developed in the
Assess stage.
Formative research
Formative research is conducted with the objective to
evaluate the behavioural change potential of factors
identified from the Assess stage. In this study, a ques-
tionnaire was developed to assess the potential impact of
several unexamined factors in the HH literature; the
questionnaire was delivered online to a panel of acute
care nurses working in the US hospitals.
Design workshop
Next, a Design Workshop is held. A team is collected to-
gether with a variety of backgrounds, expertise, and de-
grees of familiarity with the problem at hand. This
includes the core group that participated in the framing
process workshop as well as members from academia,
marketing, and members of the target population. At
this workshop, the findings from the formative research
are presented and then converted into a Theory of
Change for the intervention using BCD’s creative design
process. The design process is described as a sequence
of nine phases, starting with analysing the findings from
the field and concluding with a creative brief that ex-
plains the single focus of the intervention (Fig. 3); this is
a form of affinity mapping or thematic analysis.
Fig. 3 BCD’s design process for producing a focal insight. The
design process can be described as a sequence of nine phases,
which starts from analysing the findings from the field and
concludes with a creative brief that explains the single focus of
the intervention
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 Phase one—Download: The first phase involves
summarizing the salient findings from formative
research, which is done by listing the important
points from existing knowledge and the formative
research findings on index cards.
 Phase two—Cluster: These are then put on the wall
for consideration. The findings are clustered
together by the entire team per a common element
and then appropriately named as a ‘theme’.
 Phase three—Brainstorm: Numerous themes are
typically generated, so an elimination test is
performed to keep only the relevant and significant
themes. The remaining themes are then placed by
the assembled group in a grid per their level of
impact and changeability (Fig. 4). The themes that
have low-impact or low-changeability are immedi-
ately ruled out; only high-impact and high-
changeability themes are considered further. The
group uses the themes as guides to discuss ideas of
how to prompt HH.
 Phase four—Build: In the next phase, these ideas
were developed into insights—or central
concepts—that would be able to support the
intervention.
 Phase five—Perform: The insights are assessed on
their ability to cause a sustainable change in
behaviour and their likelihood to be successfully
implemented; this results in additional clustering
exercise. The most promising insights are selected,
and the group further refines the focus.
 Phase six—Agree on insight: The group discusses
how to link the insights together into a focal insight,
which is an enlightening deep truth about the
behaviour and its causes [6].
 Phase seven—Develop: Once linked together into an
focal insight, intervention implementation ideas are
discussed. From this discussion, the components of
the intervention are developed.
 Phase eight—Agree on theory of change: A theory of
change is devised and a creative brief is written to
summarize the findings and highlight the
behavioural insight that will serve as the core
behaviour change principle behind the intervention.
 Phase nine—Write brief: A creative brief, which
includes the focal insight, the various intervention
implementation and components ideas, and the
Theory of Change is written and given to the
creative team.
In this study, the design workshop was held in the
USA throughout February 2016. The team followed the
phases as described above.
Create
The creative brief is given to a special creative team to
develop the intervention. In the Create stage, the focal
insight is expanded into the suite of materials that make
up the intervention. These materials should initiate the
change mechanisms postulated in the theory of change.
Fig. 4 Grid to measure impact and changeability. The remaining themes are then placed by the assembled group in a grid per their level of
impact and changeability
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Results
We now present the substantive results from the steps
just described, as they occurred in this project. The
greatest emphasis is placed on describing the execution
and reported findings and insights from the design
process (in the Build step) and the translation of the in-
sights into intervention components (Create step). It
should be noted that the results for the systematic re-
view and the formative research are presented in other
papers; however, the salient findings for each are briefly
discussed below [18, 19].
ASSESS: Establish evidence base
The systematic literature review produced three major
findings [18]. First, the most recent HH interventions
predominantly use education, reminders, and feedback
as behaviour change mechanisms; they tend to incorpor-
ate information about the negative consequences arising
from missed HH opportunities, they compare individ-
ual’s and hospital unit’s HH behaviour to other individ-
uals and units, and they all set goals for increased HHC
rates. The second major finding was that recent HH in-
terventions use relatively few behaviour change tech-
niques. Finally, most recent studies indicate that their
interventions are grounded in behaviour change theory,
yet little explanation is provided as to how the interven-
tion implementation activities lead to behaviour change.
It became apparent that there was a divide between the
behavioural frameworks cited by the studies and how
those constructs were operationalized. The findings from
the background review provided a broad basis of know-
ledge, but also identified areas in which further investi-
gation was required.
A framing workshop was held in November 2016 in
the USA with stakeholders and experts. The stake-
holders included employees of the Project Funder.
Nurses and Infectious Disease directors from local hos-
pitals were present to provide insight and expertise on
HH behaviour. The research team—primarily RA and
MHS—were present to lead the framing workshop, to
discuss the theories of behaviour change and to review
the factors that influenced HH behaviour identified from
the general survey of the literature. The literature review
was presented to workshop participants as background
information for consideration during intervention devel-
opment; this presentation included a summary of the
factors found in intervention studies that had been
found to influence HH practice in hospitals. This be-
came the core group that guided the rest of the research
project. It was during the framing workshop that we
agreed on the aim of the intervention and outlined the
various constraints surrounding the intervention design.
The workshop ended with a framing statement (Fig. 2).
Consensus on the framing statement was achieved
through discussion and wordsmithing during the work-
shop itself. The core group decided the target population
should be nurses in acute care units in the US hospitals.
As discussed previously, different types of HCWs have
different HHC rates and respond differently to HH cam-
paigns. As nurses are on the frontline of healthcare de-
livery, the core group decided to create an intervention
tailored specifically to nurses. We chose to focus on hos-
pitals in the USA because the Project Funder was based
there and had planned to commercialise the intervention
in the USA if proven to be successful. In addition, we
chose acute care units for two reasons: (1) acute care
units provide rapid, active, time-sensitive treatment to
patients who have a severe injury or illness, an urgent
medical condition, or are recovering from surgery; thus,
with the primary purpose to improve the health of such
serious cases, HH is extremely important, and (2) it was
for this reason that most hospitals with the Project Fun-
der’s electronic compliance monitoring (ECM) system
had installed it in their acute care units. The aim of the
intervention was decided to increase a hospital unit’s
HHC rates by 50% over its baseline rates, which aligns
with increases observed in other HH trials specific to
nurses in hospitals [14]. Then, the group identified hy-
potheses to explore in the formative research, which in-
cluded the following:
 Adding salience: Would making evident the link
between increased HHC rates and reduced HAI
rates be a motivator?
 Adding value: Could we associate practicing HH
with other values?
 Linking to identity: Could practicing HH be
associated with being a ‘good nurse’?
 Ritualizing the practice: Would it be possible to
ritualize the practice of HH and make it special?
 Habit formation: How could we reduce behavioural
performance cost?
It was decided that the formative research would focus
on investigating professional roles, status affiliation, so-
cial norms, motivation, physical manipulation of the
hospital unit, and habit formation.
BUILD: Formative research and workshop
The formative research sought to further assess the rele-
vance and behavioural change potential of factors identi-
fied from the literature and discussed during the framing
workshop. Using as a web-based survey administered
online to 500 nurses throughout the USA, the formative
research determined that performing HH and complying
with the recommendations were most likely a function
of a hospital management’s communication ‘openness’,
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perceived performance by peers, increased interactions
with patients and other staff members, and the reduction
in stress, busyness, and cognitive load associated with
role performance [19]. Also, it was noted that nurses
were more likely to practice HH: (a) after performing a
perceived higher-risk task like dressing a patient’s wound
as compared to performing a low-risk task such as tak-
ing vitals and (b) upon exiting a patient’s room as com-
pared to entering a patient’s room [19].
Once the formative research had been analysed, a de-
sign workshop was held in the USA during February
2016 to develop a creative insight and brief. First, the
formative research findings were presented. Workshop
participants were then invited to write down as many
factors that might influence HH as possible on Stickies.
These were then clustered into groups collectively by
the workshop participants and evaluated collectively
on a matrix for their level of impact and changeability
(Fig. 5). Examples from each of the categories have
been described below for clarity:
 High impact and high changeability: From the
formative research, we found that nurses feeling
supported by hospital administration and authorities
led to an increase in self-reported HH practice [19].
Thus, promoting a sense of support and unity is
achievable and has the potential to lead to increased
HHC rates.
 High impact and low changeability: HCWs often
cite that using ABHR has negative effects on their
hands (such as drying of the skin) [7]. It would
neither be feasible nor in our area of expertise to
create a new ABHR formula even if doing so would
lead to increased usage.
 Low impact and high changeability: Changing a
nurse’s lack of knowledge regarding HH could be
easily changed by providing a form of education.
However, educating nurses about the importance of
HH does result in noticeable changes in HHC [18].
 Low impact and low changeability: Being busy,
having their hands full, or having other pressing
matters that need immediate attention all impact
nurses’ HH behaviours [7]. However, these
situations cannot be easily changed given the
dynamics of the healthcare setting. In addition,
while these are serious barriers to practicing HH, it
could be argued that they are not the most
consistent barriers. As such, our efforts are better
spent focusing on factors that have high impact and
high changeability.
Fig. 5 The impact and changeability of themes. The formative research findings were presented, then clustered into groups, and evaluated on
their level of impact and changeability
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The themes considered to be most impactful and with
the highest changeability were identified through group
consensus—with two thirds of the group having to be in
agreement (Fig. 6). The themes considered to be most
impactful with the highest changeability were as follows:
 Nurse’s emotional connection with the patient
 Nurse feeling a sense of control
 Nurse feeling supported by hospital administration
and authorities
 Nurse’s professional imperative to practice HH
 Humanizing the patient
 Nurse’s fear of causing the patient harm
 Nurse’s want to protect their own family from
illness
 Not relating to rates (need better feedback regarding
HHC)
 Identity of a nurse
To further help identify a key insight, the themes were
collapsed and combined into four insights associated
with different types of behavioural determinants (as
established by BCD): executive control, motives, social
environment, and behaviour settings. Each of these
insights are explained in detail in the following.
Executive control
Executive control is a broad term that describes higher-
order cognitive processes such as memory, planning,
problem solving, multi-tasking, inhibition, mental flexi-
bility, and verbal reasoning [20]. The themes relating to
‘sense of control’ and ‘identity’ were placed under this
term.
Sense of Control Best practice care routines can easily
be disrupted in acute care units resulting in relatively
manageable and orderly shifts becoming chaotic and un-
ruly. The workflow of nursing care delivery is constantly
changing. During a shift filled with unpredictability, we
speculate that nurses can gain a sense of control by
practicing HH. The act of HH itself does not depend on
others in the unit, and it has a substantial positive effect
on patient outcomes. Thus, we predict that practicing
Fig. 6 The most promising themes. The themes considered to be most impactful with the highest changeability were identified
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HH gives nurses a sense of control where otherwise
there is none.
Identity In terms of identity, individuals are thought to
be more likely to perform a behaviour that reflects the
beliefs they have about themselves [21–23]. Self-identity
and nested beliefs can change from engaging with a
behaviour. Thus, it is hypothesised that a nurse who
practices HH regularly can develop the identity or self-
representation of being a good and diligent nurse.
Motives
Motives are evolved psychological mechanisms that lead
to goal-directed behaviour [16, 24]. Performing a behav-
iour that produces a satisfactory outcome creates a re-
warding experience, which prompts the individual to
repeat the rewarding behaviour. Motives can be used to
instigate behaviour change by modifying the target be-
haviour’s value. In the case of HH, relevant and emo-
tional messages that tie the behaviour to patient
outcomes, family values, and the role of a good nurse
are hypothesised to motivate nurses to perform HH.
Attaching motives and rewards to the performance of a
target behaviour can lead to the establishment of new
behavioural patterns. Two motives that could potentially
be linked to HH are disgust and nurture.
Disgust This motive evolved to facilitate disease-
avoidance behaviour, thus protecting individuals against
contamination. Disgust of contamination is an important
driver of hygiene behaviour and has been harnessed to
increase handwashing in various interventions [16, 25].
From the literature reviews conducted in the Assess
step, we found that disgust of contamination was an im-
portant driver of hygiene behaviour and has been har-
nessed to increase handwashing in various interventions
[16, 25]. In fact, other researchers have specifically stud-
ied disgust and dirt as key drivers in nurses’ infection
control behaviours [26, 27]. Disgust can motivate nurses
to practice HH for the obvious reason of reducing the
nurses’ own perceptions of personal risk. As nurses are
surrounded by disease and engage with people who are
sick, practicing HH is speculated to be a way to make
what would be perceived as a disgusting incident during
the work day less disagreeable.
Nurture Nurture drives caring and protective behav-
iours, and it attempts to influence the social world in
favour of one’s in-group or kin. From the formative re-
search conducted, we identified ‘other-oriented values’
as significantly important to nurses; these values encom-
pass the nurse’s actions on behalf of the patient’s well-
being and the interactions with patients in providing
care, which could be considered nurturing. This motive
can influence the practice of HH in two different ways.
First, practicing HH is a way to protect one’s own family
or immediate community from communicable diseases.
We hypothesise that nurses are motivated to wash their
hands to safeguard hospital pathogens from being intro-
duced into their own homes. Second, patients are people
and by practicing HH the nurse is taking care of the per-
son. By not practicing HH, the patient is put at risk.
Thus, we further hypothesise that humanising the pa-
tient allows for the nurture connection to be made.
Social environment
A major element of the social environment of a hospital
is its ‘culture of safety’, which encompasses four main
features: (a) acknowledgement of the high-risk nature of
the hospital’s activities and the determination to achieve
consistently safe operations, (b) a blame-free environ-
ment where individuals are able to report errors or near
misses without fear of reprimand or punishment, (c) en-
couragement of collaboration across ranks and disci-
plines to seek solutions to patient safety problems, and
(d) hospital commitment of resources to address safety
concerns [28, 29]. Two key components that can be used
to increase the performance of HH are communication
openness between all HCWs in the hospital unit and dir-
ect feedback from administration and supervisors. Insti-
tutional support that includes positive and constructive
feedback can also accentuate the importance and neces-
sity of practicing HH.
Behaviour settings
Behaviour is also a function of the setting within which
it takes place. The behaviour settings concept explains
the relationship between individuals and the environ-
ment—both physical and social [30]. Behaviour settings
are situations where people have learned what to expect
from the environment and from other people’s behav-
iours. Each setting has a purpose, a designated place, a
set of objects, and a prescribed set of behaviours. Each
person entering a setting expects others, who are also
contemporaneous participants, to perform their (impli-
citly) designated roles. A sustainable way of changing
HH behaviour is by changing some element of its behav-
iour setting. In this case, role and norms are relevant
aspects.
Role Safeguarding patients is a professional imperative
of nursing. By reemphasizing the role of nursing and
what it entails, connecting the performance of HH to
positive patient outcomes can possibly highlight how
practicing HH is a vital part of being a nurse.
Norms By making HH performance imperative, there is
a drive to practice HH. We hypothesise that by
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emphasising the notion that others care and are watch-
ing to see if HH is performed will prompt nurses to be
more aware of practicing HH.
These various insights were then linked together
through facilitated engagement with the workshop mem-
bers, resulting in the focal insight:
It’s under my control to reactivate [my commitment
to] my professional code [of conduct] by caring for
patients as persons via HHC to produce good pa-
tient outcomes and personal satisfaction.
This insight provided a single conceptual framework
within which the intervention could be further devel-
oped. Essentially, nurses can be prompted to see HH as
an opportunity to redefine their perceptions of patients
as people to whom they are duty-bound to receive their
care and protection. We postulate that by consistently
practicing HH, nurses can rediscover the meaning and
purpose of their role as a nurse and thus a caregiver—it
is something good that nurses can do for themselves,
their families and immediate communities, and their pa-
tients. In the process of cleaning their hands, nurses will
also feel good because they are living up to their ideal
nurse-self. The explication of the focal insight is pro-
vided in Fig. 7. The focal insight was then linked linguis-
tically into a theory of change (Fig. 8) and subsequently
translated into a creative brief. The brief, aiming to pro-
vide a succinct overview of the focal insight and strategy,
rephrased the insight to help the creative team under-
stand and address the challenge (Fig. 9).
CREATE: Creative process
In response to this brief, the creative team (in this case,
several marketers internal to GOJO Industries, a health
and hygiene company) produced a simple intervention,
called the Mainspring Intervention, that concentrated on
a single approach: the threat to professional identity
from non-compliance. Given the tight project budget,
the short timeline for project completion, and the
various constraints posed by hospitals—such as hospital
regulations against altering the units or the inability to
‘pull nurses off the floor’ for a considerable amount of
time—the creative team decided that a simple intervention
would be easier to implement, would be less resource-
intensive, and would allow for easier evaluation. This
paper used the Template for Intervention Description and
Replication (TIDieR) Checklist to ensure complete de-
scription of the intervention (Supplement 1).
The intervention was field-tested twice by the Project
Funder using focus groups of practicing nurses (3 nurses
per focus group). The intervention was delivered to the
nurses individually, and then upon completion of the
intervention, the nurses provided feedback in a focus
group setting regarding delivery, presentation, and the
message itself. Refinements to the intervention centred
on wording and tone of the material being presented.
Since the message regarding HHC could make partici-
pants uncomfortable, we included an exercise before-
hand to reduce defensiveness and increase openness.
This was introduced because a first focus group trialing
the intervention had felt offended and became defensive
when reading the HH message. The wording of the in-
tervention’s message was slightly revised and delivered
to a second focus group, which found it satisfactory and
engaging after having been exposed to the self-
affirmation exercise.
Mechanisms of the intervention
The first part of the intervention sought to reduce de-
fensiveness using a values exercise, which was derived
from self-affirmation theory. By reducing defensiveness,
we hypothesised that nurses would be more open to re-
ceiving a message that challenged their professional
identity and threatened their self-integrity. The message
created awareness of a deficiency in HH behaviour but
then provided constructive coaching by suggesting how
to correct it. We posited that after the message was re-
ceived, nurses would be motivated to achieve their pro-
fessional best by performing HH more frequently at
Fig. 7 Explication of the focal insight
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room entry. To ensure that this intention was translated
into action, the intervention employed the implementa-
tion intention strategy to link the behaviour to a cue in
the environment. This cue-behaviour link would theor-
etically elicit an automatic response.
Description of the intervention
The revised intervention consisted of three major parts:
a self-affirmation exercise to reduce defensiveness, a
message that challenged nurses’ perceptions about their
HH practice, and an implementation intention activity.
The self-affirmation exercise was a brief writing task
that asked nurses to answer questions about values im-
portant to them. The message about HH introduced
evidence that nurses were less likely to perform HH at
room entry than at room exit, suggesting that nurses
could improve their HHC by focusing on ‘foaming-in’
when entering a room. The implementation intention
exercise prompted nurses to identify various features of
the physical environment encountered regularly at
room entry that could serve as cues to perform the tar-
get behaviour. This feature was used in the expressed
implementation intention: ‘When I see [object], I will
think ‘foam in!”
Fig. 8 Focal insight translated into a theory of change. The focal insight was inked linguistically into a theory of change
Fig. 9 Focal insight translated into creative language. The brief, aiming to provide a succinct overview of the focal insight and strategy, rephrased
the insight to help the creative team understand and address the challenge
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Theoretical underpinnings of the intervention
The behaviour change mechanisms were derived from
two theories: self-affirmation [31] and implementation
intentions [32–35].
Self-Affirmation Theory Threating health information
can sometimes produce defensiveness and resistance
against the threat [36]. Self-affirmation theory proposes
that individuals are motivated by a desire to maintain
one’s worth and self-image as moral, adaptive, and cap-
able [31, 37, 38]. Threatening health information creates
dissonance with this image, which results in defensive
responses as individuals seek to protect their self-
integrity. To restore the integrity of the self, individuals
may deny the potential risk and refuse to perform the
adaptive behaviour. Potential opportunities for learning
and growth are thus missed.
However, self-affirmation has been shown to reduce
defensive processing of health risk information [36, 39–
42]. Affirming the self before receiving threatening
health messages reduces bias, promotes increased ac-
ceptance of the personal relevance of the message, and
can affect risk perceptions over a short-term.
In this intervention, self-affirmation took the form of
having participants write about self-defining values,
which helped individuals protect their self-integrity and
self-worth through the affirmation of alternative sources
of self-identity and by reminding people what is import-
ant to them. Self-affirmation interventions have been
shown to successfully influence a number of health-
promoting behaviours [41].
Implementation intention strategy This theory is a
strategy that links intentions to the desired goal-directed
behaviour and subsequently to the attainment of those
goals [32–35]. Implementation intentions are specific,
concrete plans phrased in the following manner: ‘When
situation X rises, I will perform response Y.’ Thus, future
critical situations are linked explicitly to goal-directed
responses; when predefined situational cues are encoun-
tered, a goal-directed response occurs automatically.
The intention-to-behaviour process works in the follow-
ing way: an individual forms a plan that involves a spe-
cific situation—the ‘if’ part of the statement. This
situation then becomes mentally represented. When the
situation arises, the chosen goal-directed behaviour—the
‘then’ part of the plan—will be performed automatically
and without conscious effort. Such automatization of
behaviour in response to this cue removes deliber-
ation on the part of the individual. Cognitive re-
sources are made available for other mental process
tasks while also avoiding goal-threatening or compet-
ing goals. Implementation intentions have been widely
used in health promotion interventions and initiatives.
They are among the best predictors of behaviour and
behaviour change [43–45].
Taken together, the use of these mechanisms can be
considered an example of a ‘wise’ intervention, which
are psychologically precise interventions with brief
implementations that aim is to alter self-reinforcing pro-
cesses [46]. These seek to alter the psychological process
that has developed over time and allow for the recurrent
behaviour. Wise interventions are most likely to cause
long-term gains in inherently recursive contexts in
which positive experiences facilitate later positive out-
comes [46].
Behavioural change techniques
We used Michie et al.’s (2013) taxonomy of behaviour
change techniques (BCTs) to define how our interven-
tion’s theory of change was hypothesised to work via this
‘wise’ intervention structure [17, 47]. The authors in-
ferred from formulation of the theory of change and lit-
erature on ‘wise’ interventions that thirteen BCTs could
be inferred to underly the chosen intervention. Tech-
niques were taken from across seven different categories
of technique, including goals and planning, natural con-
sequences, associations, repetition and substitution,
regulation, identity, and self-belief (Fig. 10). As the inter-
vention centres on the use of threat to professional iden-
tity, most BCTs fell within the identity category. In the
values affirmation exercise, nurses were asked to write
about cherished values as a means of affirming their
identity (BCT 13.4). Then, the messaging or educational
component raised awareness of the discrepancy in
nurses’ HH practices when entering and exiting a pa-
tient’s room. Information about the health consequences
of not practicing HH upon entry were emphasized (BCT
5.1). The health message drew attention to the incongru-
ity between the nurses’ current HH practice and the re-
quired practice and sought to reframe the behaviour as
being a fundamental component of nurse professional-
ism and code of conduct (BCT 13.3). This discomfort
sought to prompt nurses to feel motivated to achieve
their personal best. Practicing HH before entering a pa-
tient’s room would reaffirm their identity by reducing
the cognitive dissonance between their ideal self-image
and their day-to-day practice as a nurse (BCT 13.5). The
cue-linking activity followed to help the nurses to expli-
citly identify the goal of practicing HH before entry and
to create an action plan (BCTs 1.1 and 1.4). Nurses were
asked to think of practicing HH and the environment
near the patient’s room (BCT 15.2). The action plan had
nurses link practicing HH to a cue in the environment
that would lead to automaticity (BCTs 7.1 and 15.2).
Making the behaviour automatic would reduce the delib-
eration and hesitation to perform HH thereby conserv-
ing mental resources (BCT 11.3). Afterwards, nurses
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were encouraged to say to themselves ‘As soon as I see
[insert name of object] I will tell myself ‘clean your
hands!” (BCT 1.9). The intervention ended by asking
nurses over the next several days to use the object they
selected as a reminder to clean their hands (BCTs 8.1
and 8.3).
Intervention materials and proposed delivery
The intervention is presented to participants in two sep-
arate parts in one day. The intervention is a self-guided
activity and takes less than thirty minutes to complete. It
is divided into two sections: the first part is the values af-
firmation activity and the second is the HH messaging
with the implementation cue activity. Participants must
complete the affirmation activity before being presented
with the HH messaging.
Given the constraints of ‘taking nurses off the floor’ to
participate, the intervention can be administered either
in-person in the hospital unit or online. How the inter-
vention is administered is at the hospital administra-
tion’s discretion. For the in-person delivery, the two
parts of the survey are presented on separate sheets of
paper. Respondents only receive the second page from
the facilitator dependent on the completion of the values
affirmation on the first page. When administered online,
respondents complete the first exercise before being
allowed to continue to the following activity. The inter-
vention materials are provided in Supplement 2.
The facilitator oversees the delivery of the intervention
in-person and ensures that the procedures are adhered
to. The prompts for the facilitator are provided in Sup-
plement 3. The facilitator does not need expertise or
background in the topic of HH, and minimal training is
required for the delivery of the intervention.
Discussion
The HH behaviour and compliance of HCWs have been
extensively studied. Even with the considerable amount
of literature dedicated to this topic, very few studies are
grounded in behaviour change theories [48]. The main-
spring intervention was created using the BCD frame-
work and was underpinned by its theory of change that
utilised BCTS. In addition, this was one of the first stud-
ies to clearly describe how specific behavioural construct
were applied to inform the development of intervention
strategies. Thus, not only did the study used a cohesive
approach to designing and creating an intervention, but
the final product was the creation of an original HH be-
haviour change intervention. To our knowledge, a ‘wise’
intervention has not previously been used to improve
HCW HH behaviour.
Fig. 10 Mechanisms of change and their corresponding behaviour change techniques. Thirteen BCTs were utilized. Techniques were taken from
across seven different categories of technique, including goals and planning, natural consequences, associations, repetition and substitution,
regulation, identity, and self-belief
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The BCD approach to design
The BCD approach incorporates process steps that are
rooted in design thinking for how to create an interven-
tion. These creative processes emphasize the need to
identify a central insight that can form the foundation
for development of executional materials. Many frame-
works provide steps on how to deduce themes from
prior knowledge and formative research findings.
Translating these themes into intervention components
typically involves deductively linking behavioural deter-
minants to behaviour change techniques, which are then
used as stimuli for message formulation [49–51]. The
BCD approach provides an inductive method for devel-
oping a central insight about the context of behaviour
which is ‘built up’ through multiple brainstorming
phases, including input and participation from a wide
variety of sources. This process allows interventions to
be designed through an iterative collaborative effort
between the target population and the intervention de-
signers [16].
The BCD approach is also flexible. In this case study,
the process for developing the intervention deviated in
several ways from the normal BCD process. The first de-
viation was seen in the formative research stage. BCD
champions the use of a variety of data collection
methods, specifically methods that are ‘near’—situation-
ally and psychologically—to the behaviour that the inter-
vention is trying to change. Such methods include
observation or imaginative techniques for drawing infor-
mants into a virtual experience. This project only used a
web-based survey to learn about the target population
and the target behaviour due to time, resources, and
budget constraints. The findings from formative research
were based on the literature reviews and the survey and
therefore were limited in comparison to fieldwork. As
such, the development of the intervention relied heavily
on the design workshop. In turn, the design workshop
depended almost entirely on experts in the healthcare
field (such as active and inactive nurses and those who
were company employees with ties to healthcare).
A second deviation from standard practice occurred in
the Create step. BCD stresses the importance of using a
creative agency, often with several reverts to refine the
creative direction and to build out the intervention itself.
BCD heavily relies on the use of a creative agency as
there is a lack of details about the actual development of
the intervention (such as how to turn a creative brief
into an intervention). Due to budget constraints, the
project did not work with a creative agency, but rather
used an in-house creative marketing team. However,
given the constraints and restrictions, the in-house
creative team did its best to faithfully translate the pro-
posed components into an actual program with mate-
rials. The values affirmation exercise was included to
reduce defensive processing of health risk information. It
was also intended to guide nurses through a reflection
on their own personal values and principles, which
would then—it was hypothesised—lead into nurses con-
sidering their own professional code. By having nurses
engage with internal discussions about values, the cre-
ative team assumed that nurses would receive the health
message, be surprised, and in re-evaluating their behav-
iour would realise that practicing HH upon entering a
patient’s room would be an easy way for them to realign
with their professional code. By using cues to direct be-
haviour, we would help nurses translate intentions into
actions, thus allowing them to take simple actions that
would produce good patient outcomes and would there-
fore lead to their own personal satisfaction. The creative
team included the intended components, although the
messaging of trying to have nurses reactive their com-
mitment to the professional code by caring for patients
via HHC to produce good patient outcomes was not as
overt as we had expected it to be.
Even though our design and create processes diverged
from the usual BCD processes, the approach allowed for
such adaptability to occur. The framework was shown to
be able to accommodate different techniques and ap-
proaches so long as the main principles of each step
were adhered to.
The intervention
In this project, the entire development process was
grounded in theory from the BCD design approach.
BCD is founded in both behavioural science and design
thinking practice and is based on a number of funda-
mental theories such as reinforcement learning, role the-
ory, behaviour settings, and evolutionary psychology
[16]. The intervention itself was underpinned by self-
affirmation theory and intention implementation strat-
egy. In addition, the behaviour change techniques in the
intervention were pre-identified. Thus, intervention de-
velopment has been grounded in theory from inception
to development and has specifically described the mech-
anisms of change behind its theory of change. Essen-
tially, the insight that hand hygiene could be improved
by re-invigorating nurses’ professional identity as carers
was implemented by a couched threat to that identity in
the form of data which suggested nurses like themselves
were more likely to protect themselves than their pa-
tients (i.e., ‘foam out’ but not ‘foam in’), but coupled
with a self-affirmation exercise that would hopefully pro-
vide belief and motivation that improvement was
possible.
Another distinct feature of the intervention was the
use of the values affirmation activity and implementation
intention exercise in the context of a HH intervention.
The values’ affirmation activity has mainly been
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employed in educational settings to reduce the achieve-
ment gaps faced by minority students and women in sci-
ence, technology, engineering, and mathematics courses
[52–55]. Implementation intention exercises have previ-
ously been used in a wide-variety of health contexts ran-
ging from promoting exercise [43] to prompting people
to eat more fruit, but have been underutilized in chan-
ging the HH behaviour of HCWs [56–58].
Related ideas, such as personalised feedback and action
planning, have been previously used in hand hygiene
interventions (e.g. [59],), but these are much more
personnel and time intensive. Such interventions can be
tailored to reflect an individual’s particular circum-
stances and level of interest in behaviour change. Such
tailoring can be effective [60–62]. However, the Project
Funder was interested in producing an intervention that
could be implemented with minimum expertise and ef-
fort in many different kinds of hospitals. The present
intervention consisted entirely of a 5-min reading-and-
writing exercise to change nurses’ cognitive processes
directly. The activities encouraged the nurses to respond
to ongoing, unpredictable work experiences in more
adaptive ways to strengthen their professional identities
independently. Most interventions focus on introducing
a new experience to people’s lives. The change that
occurs to the psychology of the person is indirect. More-
over, if the cornerstone of the intervention is introdu-
cing a new experience, the intervention can be
vulnerable if that experience changes. This intervention
encouraged nurses to see themselves as being in control
of their own professional identity through the repeated
practice of HH, rather than just relying on a specific ex-
perience to induce and then sustain change.
Conclusion
Hand hygiene is widely accepted as the most important
measure for the prevention of HAIs, but HHC rates are
typically low. Numerous efforts have been made to in-
crease HH among HCWs, and yet these initiatives have
been unable to bring about sustained changes in behav-
iour. This paper detailed the creation of an original HH
intervention that used the BCD approach, and we dis-
cussed the intervention design process, starting from the
identification of the evidence base to the creation of the
final intervention materials. What emerged from the de-
velopment process was a ‘wise’ intervention, a simple
intervention based on a specific psychological theory.
The mechanisms, and the corresponding BCTs, behind
the hypothesised Theory of Change were identified and
explained, demonstrating how the constructs of the be-
havioural framework were operationalised. The interven-
tion designed was relatively simple compared to most
HH initiatives in the literature, both in terms of having
relatively few components and relatively easy field
implementation. This intervention will allow us to test:
(a) how specific psychological processes contribute to
the problem of low HH rates, (b) how our proposed
intervention may change these processes in the hospital
setting, and (c) how the expected change in nurses’ cog-
nition transforms over time as a result of the interven-
tion. Being so specific about how the intervention works,
and basing the theory of change on strong theoretical
and empirical grounds, should increase the likelihood of
it being effective at sustainably increasing nurses’ HHC.
Adherence to reporting guidelines
The TIDieR (Template for Intervention Description and
Replication) Checklist was used to ensure that the ori-
ginal intervention discussed in this paper was described
in sufficient detail (Supplement 1).
Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s43058-021-00124-x.
Additional file 1. TIDieR (Template for Intervention Description and
Replication) Checklist.
Additional file 2. Intervention Materials.
Additional file 3. TIDieR (Template for Intervention Description and
Replication) Checklist: Delivery Protocol for Facilitator.
Abbreviations
ABHR: Alcohol-based hand rubs; BCD: Behaviour Centred Design;
BCT: Behaviour change technique; BCW: Behaviour change wheel;
HAIs: Healthcare-associated infections; HCW: Healthcare worker; HH: Hand
hygiene; HHC: Hand hygiene compliance; MRC: Medical Research Council;
RANAS: Risks, Attitudes, Norms, Abilities, and Self-Regulation;
TIDieR: Template for Intervention Description and Replication
Acknowledgements
We are grateful to Jeff Quinn and Sharon Guten for their support and
assistance throughout each stage of the intervention design process and
with the final manuscript.
Authors’ contributions
Madeline Sands made substantial contributions to the conception and
design of the work; acquired, analysed, and interpreted the data; and drafted
the work. Robert Aunger made substantial contributions to both the
conception and design of the work and participated in the analysis and
interpretation of data. He also substantively revised the work. In addition,
Robert Aunger is one of the developers of the Behaviour Centred Design
approach. The authors read and approved the final manuscript.
Funding
This study is funded by GOJO Industries, Inc.
Availability of data and materials
The datasets during and/or analysed during the current study available from
the corresponding author on reasonable request.
Ethics approval and consent to participate
Ethics approval was attained from the London School of Hygiene and
Tropical Medicine’s Observational and Interventions Research Ethics
Committee. The ethics reference number is 14411.
Consent for publication
Consent was obtained from all research participants.
Sands and Aunger Implementation Science Communications            (2021) 2:23 Page 16 of 18
Competing interests
MHS and RA received financial compensation as affiliates of the London
School of Hygiene and Tropical Medicine, which served as a paid consultant
to GOJO Industries, Inc., for the creation and evaluation of the intervention.
Received: 23 December 2019 Accepted: 1 February 2021
References
1. Organization, W. H Improved hand hygiene to prevent health care-
associated infections., (2007).
2. Pincock T, Bernstein P, Warthman S, Holst E. Bundling hand hygiene
interventions and measurement to decrease health care–associated
infections. Am J Infect Control. 2012;40:S18–27.
3. Sheng W-H, et al. Impact of nosocomial infections on medical costs,
hospital stay, and outcome in hospitalized patients. J Formos Med Assoc.
2005;104:318–26.
4. Harbarth S, Sax H, Gastmeier P. The preventable proportion of
nosocomial infections: an overview of published reports. J Hosp Infect.
2003;54:258–66.
5. Pittet D, et al. Effectiveness of a hospital-wide programme to improve
compliance with hand hygiene. Lancet. 2000;356:1307–12.
6. Srigley J, et al. Applying psychological frameworks of behaviour change to
improve healthcare worker hand hygiene: a systematic review. J Hosp
Infect. 2015;91:202–10.
7. Organization, W. H. WHO guidelines on hand hygiene in health care: first
global patient safety challenge. Clean care is safer care: World Health
Organization; 2009.
8. Erasmus V, et al. Systematic review of studies on compliance with hand
hygiene guidelines in hospital care. Infect Control. 2010;31:283–94.
9. Haas J, Larson E. Measurement of compliance with hand hygiene. J Hosp
Infect. 2007;66:6–14.
10. Commission, T. J. Measuring hand hygiene adherence: overcoming the
challenges. Illinois: Oakbrook Terrace; 2009.
11. Lydon S, et al. Interventions to improve hand hygiene compliance in the
ICU: a systematic review. Crit Care Med. 2017;45:e1165–72.
12. O’Cathain A, et al. Taxonomy of approaches to developing interventions
to improve health: a systematic methods overview. Pilot Feasibility
Stud. 2019;5:41.
13. Colquhoun HL, Squires JE, Kolehmainen N, Fraser C, Grimshaw JM. Methods
for designing interventions to change healthcare professionals’ behaviour: a
systematic review. Implement Sci. 2017;12:30.
14. RN, OD, Jones D, Martello M, Biron A, Lavoie-Tremblay M. A systematic
review on the effectiveness of interventions to improve hand hygiene
compliance of nurses in the hospital setting. J Nurs Scholarsh. 2017;49:
143–52.
15. Sharma R, Sharma M, Koushal V. Hand washing compliance among
healthcare staff in intensive care unit (ICU) of a multispecialty hospital of
North India. J Hosp Admin. 2012;1.
16. Aunger R, Curtis V. Behaviour Centred Design: towards an applied science
of behaviour change. Health Psychol Rev. 2016:1–22. https://doi.org/10.1
080/17437199.2016.1219673.
17. Michie S, et al. The behavior change technique taxonomy (v1) of 93
hierarchically clustered techniques: building an international consensus for
the reporting of behavior change interventions. Ann Behav Med. 2013;46:
81–95.
18. Sands M, Aiken AM, Cummings O, Aunger R. London School of Hygiene
and Tropical Medicine; 2019.
19. Sands M, Aunger R. Determinants of hand hygiene compliance among
nurses in US hospitals: A formative research study. PLOS ONE. 2020;15(4):
e0230573.
20. Sheldon SH, Kryger MH, Ferber R, Gozal D. Principles and practice of
pediatric sleep medicine. Amsterdam: Elsevier Health Sciences; 2014.
21. Kwasnicka D, Dombrowski SU, White M, Sniehotta F. Theoretical
explanations for maintenance of behaviour change: a systematic review of
behaviour theories. Health Psychol Rev. 2016;10:277–96.
22. Bracken BA. Handbook of self-concept: Developmental, social, and clinical
considerations. New York: Wiley; 1996.
23. Markus H. Self-schemata and processing information about the self. J Pers
Soc Psychol. 1977;35:63.
24. Franken R. Human Motivation. 5th ed. Monterey: Brooks/Cole; 2001.
25. Biran A, et al. Effect of a behaviour-change intervention on handwashing
with soap in India (SuperAmma): a cluster-randomised trial. Lancet Glob
Health. 2014;2:e145–54.
26. Jackson C, Griffiths P. Dirt and disgust as key drivers in nurses’ infection
control behaviours: an interpretative, qualitative study. J Hosp Infect. 2014;
87:71–6.
27. Whitby M, McLaws M-L, Ross MW. Why healthcare workers don’t wash their
hands: a behavioral explanation. Infect Control. 2006;27:484–92.
28. Sammer CE, Lykens K, Singh KP, Mains DA, Lackan NA. What is patient
safety culture? A review of the literature. J Nurs Scholarship. 2010;42:156–65.
29. Quality, A. f. H. R. a. Safety Culture, <https://psnet.ahrq.gov/primers/primer/
5/safety-culture> (2016).
30. Barker RG. Ecological Psychology: concepts and methods for studying the
environment of human behavior. Stanford: Stanford University Press; 1968.
31. Steele CM. The psychology of self-affirmation: sustaining the integrity of the
self. Adv Exp Soc Psychol. 1988;21:261–302.
32. Gollwitzer PM. The volitional benefits of planning. In: Gollwitzer, PM, Bargh,
John A, ed. The Psychology of Action: Linking Cognition and Motivation to
Behavior. New York: Guilford Press; 1996. p. 287-313.
33. Gollwitzer PM. Goal achievement: the role of intentions. Eur Rev Soc
Psychol. 1993;4:141–85.
34. Gollwitzer PM, Brandstätter V. Implementation intentions and effective goal
pursuit. J Pers Soc Psychol. 1997;73:186.
35. Gollwitzer PM. Implementation intentions: strong effects of simple plans.
Am Psychol. 1999;54:493.
36. Fry RB, Prentice-Dunn S. Effects of coping information and value affirmation
on responses to a perceived health threat. Health Commun. 2005;17:133–47.
37. Aronson J, Cohen G, Nail PR. Self-affirmation theory: an update and
appraisal; 1999.
38. Sherman DK, Cohen GL. The psychology of self-defense: self-affirmation
theory. Adv Exp Soc Psychol. 2006;38:183–242.
39. Reed MB, Aspinwall LG. Self-affirmation reduces biased processing of
health-risk information. Motiv Emot. 1998;22:99–132.
40. Sherman DA, Nelson LD, Steele CM. Do messages about health risks
threaten the self? Increasing the acceptance of threatening health
messages via self-affirmation. Personality Soc Psychol Bull. 2000;26:1046–58.
41. Epton T, Harris PR. Self-affirmation promotes health behavior change. Health
Psychol. 2008;27:746.
42. Harris PR, Napper L. Self-affirmation and the biased processing of
threatening health-risk information. Personal Soc Psychol Bull. 2005;31:
1250–63.
43. Milne S, Orbell S, Sheeran P. Combining motivational and volitional
interventions to promote exercise participation: protection motivation
theory and implementation intentions. Br J Health Psychol. 2002;7:
163–84.
44. Hagger MS, Luszczynska A. Implementation intention and action planning
interventions in health contexts: state of the research and proposals for the
way forward. Appl Psychol. 2014;6:1–47.
45. Glanz K, Bishop DB. The role of behavioral science theory in development
and implementation of public health interventions. Annu Rev Public Health.
2010;31:399–418.
46. Walton GM. The new science of wise psychological interventions. Curr Dir
Psychol Sci. 2014;23:73–82.
47. Michie S, Wood CE, Johnston M, Abraham C, Francis J, Hardeman W.
Behaviour change techniques: the development and evaluation of a
taxonomic method for reporting and describing behaviour change
interventions (a suite of five studies involving consensus methods,
randomised controlled trials and analysis of qualitative data). Health Technol
Assess. 2015;19(99). https://doi.org/10.3310/hta19990.
48. Gould DJ, Moralejo D, Drey N, Chudleigh JH, Taljaard M. Interventions to
improve hand hygiene compliance in patient care. Cochrane Database Syst
Rev. 2017.
49. Bartholomew Eldredge LK, et al. Planning Health Promotion Programs: An
Intervention Mapping Approach. 4th ed. New York: Wiley; 2016.
50. Michie S, Stralen MM v, West R. The behaviour change wheel: a new
method for characterising and designing behaviour change interventions.
Implement Sci. 2011;6:42.
51. Steinmo S, Fuller C, Stone SP, Michie S. Characterising an implementation
intervention in terms of behaviour change techniques and theory: the
‘Sepsis Six’ clinical care bundle. Implement Sci. 2015;10:111. https://doi.org/1
0.1186/s13012-015-0300-7.
Sands and Aunger Implementation Science Communications            (2021) 2:23 Page 17 of 18
52. Miyake A, et al. Reducing the gender achievement gap in college science: a
classroom study of values affirmation. Science. 2010;330:1234–7.
53. Sherman DK, et al. Deflecting the trajectory and changing the narrative:
how self-affirmation affects academic performance and motivation under
identity threat. J Pers Soc Psychol. 2013;104:591.
54. Cohen GL, Sherman DK. The psychology of change: self-affirmation and
social psychological intervention. Annu Rev Psychol. 2014;65:333–71.
55. Cohen GL, Garcia J, Purdie-Vaughns V, Apfel N, Brzustoski P. Recursive
processes in self-affirmation: intervening to close the minority achievement
gap. Science. 2009;324:400–3.
56. Chapman J, Armitage CJ, Norman P. Comparing implementation intention
interventions in relation to young adults’ intake of fruit and vegetables.
Psychol Health. 2009;24:317–32.
57. Armitage CJ. Effects of an implementation intention-based intervention on
fruit consumption. Psychol Health. 2007;22:917–28.
58. Armitage CJ, Conner M. Social cognition models and health behaviour: a
structured review. Psychol Health. 2000;15:173–89.
59. Fuller C, et al. The Feedback Intervention Trial (FIT)--improving hand-
hygiene compliance in UK healthcare workers: a stepped wedge cluster
randomised controlled trial. PLoS One. 2012;7:e41617. https://doi.org/10.13
71/journal.pone.0041617.
60. Wang L, Miller LC. Just-in-the-Moment Adaptive Interventions (JITAI): a
meta-analytical review. Health Commun. 2020;35:1531–44. https://doi.org/1
0.1080/10410236.2019.1652388.
61. Schapira MM, et al. Tailoring educational and behavioral interventions to
level of health literacy: a systematic review. MDM Policy Pract. 2017;2:
2381468317714474.
62. Noar SM, Benac CN, Harris MS. Does tailoring matter? Meta-analytic review
of tailored print health behavior change interventions. Psychol Bull. 2007;
133:673.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Sands and Aunger Implementation Science Communications            (2021) 2:23 Page 18 of 18
